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ABSTRACT 

Concentrations of PCB (polychlorinated biphenyls, a class of industrial chemicals), DDE (the 
primary breakdown product of the pesticide DDT), and HCB (hexachlorohenzene, a fungicide) 
were determined in blubber samples from 45 harbor porpoises collected along the coasts of 
Washington, Oregon, and California. The primary purpose of this study was to test for regional 
patterns in the concentration of contaminants and their ratios in order to evaluate the feasibility 
of using contaminants to gain information about the degree of intermixing of harbor porpoises 
along the west coast of North America. Concentrations varied widely with averages of 14 ppm 
(mg/kg by wet weight) PCBs, 31 ppm DDE, and 0.51 ppm HCB. Concentrations of contaminants 
were strongly associated with latitude (location), length of the animal, and sex. Distinct regional 
patterns were found in both the concentrations of DDE and the ratios of PCB to DDE and HCB 
to DDE. Contaminant ratios were far less variable than individual contaminant concentrations 
and were, therefore, more useful for examining regional patterns. Through discriminant analysis 
using a combination of pollutant ratios, the state (California, Oregon, or Washington) in which 
harbor porpoises were collected could be correctly predicted for 86% of the samples. Pollutant 
ratios did not reveal specific boundaries for stocks but indicated that harbor porpoise movements 
may he restricted in some areas. 

Introduction 

Chlorinated hydrocarbon contaminants have been recov- 
ered from marine mammals from around the world (Gaskin 
et al. 1971; Taruski et al. 1975; Clausen et al. 1974; 
Wagemann and Muir 1984). Risebrough (1978) reviewed 
the occurrence and impacts of pollutants in marine mam- 
mals. Nearshore marine mammals such as pinnipeds and 
some cetaceans tend to accumulate high concentrations of 
stable chlorinated hydrocarbons because they 1) are long 
lived, 2) feed high on the food chain, and 3) have blubber 
layers that serve as stable repositories for these lipophilic 
contaminants. 

Harbor porpoise (Phocoena phocoena) occur primarily in 
nearshore waters off Europe, Asia, and the east and west 

coasts of North America (Gaskin et al. 1974). Harbor por- 
poise populations have declined in many parts of their 
range (Otterlind 1976; Prescott and Fiorelli 1980; Calam- 
bokidis et al. 1984), and there is evidence of high rates of 
mortality in nets along the California coast (Deiter 1991; 
Diamond and Hanan 1986; Hanan et al. 1986). Estimates 
of harbor porpoise population size along the west coast of 
the United States have recently been completed (Barlow 
1988) but there is little information on the presence of dif- 
ferent population stocks or interchange among areas. 

The potential utility of chlorinated hydrocarbon concen- 
trations or ratios for examining movements and intermix- 
ing in marine mammals has been reported previously (see 
review in Aguilar 1987). Winn and Scott (1978) included 
differences in PCB and DDT concentrations as part of the 

In Marinc mamind strandings in the Unitcd States: proceedings of thc 
Second Marinc Mammal Stranding Workshop; 3-5 Dcccinkr 1987, 
Miami, Florida (John E. Reynolds Ill and Daniel K. O d d ,  cds.). NOAA 
Technical Rcpon NMF'S 98 (1991). 
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Table I 
Sources of harbor porpoise samples analyzed in this study. 

Years 
Sources Region collected 

Wa. Dept. Game 

Nat. Mar. Mamm. Lab 

Olympia, WA 

Seattle, WA 

Cascadia Research 
Olympia, WA 

Oregon State Univ. 
Newport, OR 

Coos Bay, O R  

San Francisco, CA 

SW Fisheries Center 

Ore. Inst. Mar. Biol. 

Cal. Acad. Sci. 

La Jolla, CA 

Los Angeles, CA 
Nat. Hist. Mus. of LA Co 

Wash. and 
N. Ore. 

N .  Wash. 

N. Wash. 

Oregon 

Oregon 

Cent. Calif. 

Cent. Calif. 

S. Calif. 

1981-85 

1984 

1985 

1984-86 

1985-86 

197 1-86 

1983-85 

1983 

evidence for separate stocks of humpback whales in the 
western North Atlantic. Gaskin et al. (1982) noted dif- 
ferences in DDT concentrations in harbor porpoises from 
inside and outside the Bay of Fundy. Calambokidis et al. 
(1984; 1979a) reported differences in the PCBIDDE ratio 
in Washington harbor seals and discussed its usefulness in 
evaluating regional movement and interchange 

The purposes of this study were to 1) determine the con- 
centrations of PCBs (polychlorinated biphenyls, a class of 
industrial chemicals), DDE (the primary breakdown 
product of the pesticide DDT), and HCB (hexachloro- 
benzene, a fungicide) in harbor porpoises from Wash- 
ington, Oregon, and California; 2) test for regional dif- 
ferences in these contaminants and their ratios; and 3) 
evaluate the utility of this information in discerning har- 
bor porpoise populations. 

Methods 

Blubber samples from 45 harbor porpoises were tested for 
concentrations of PCBs, DDE, and HCB. Also, seven 
blubber samples were taken from different locations 
(anterior-dorsal, mid-dorsal, posterior-dorsal, anterior- 
ventral, mid-ventral, posterior-ventral, and mid-lateral) 
from each of two harbor porpoises for testing to evaluate 
toxicant differences based on body location. 

Sample Collection 
Samples for analysis were received from a wide variety of 
sources in addition to those collected by the authors (Table 

No. of 
samples 

4 

I 

4 

8 

4 

4 

18 

2 

Sample 
prefix 

MMP and WDG 

RJF 

CRC 

OSU 

OIMB and UO 

CAS 

LML, REJ, MVZ, 
and MLML 

J E H  

1). All were collected from animals found dead on the 
shores of Washington, Oregon, and California (Fig. 1). 
Samples were stored either in glass, aluminum foil, or 
plastic bags. Samples were stored frozen after collection, 
except those provided by the California Academy of 
Science, which had been preserved in formalin. Coop- 
erating organizations also provided information that was 
tested for association with contaminant concentrations, in- 
cluding collection location, date, sex, length, and blubber 
thickness. 

Sample Analysis 

Analyses for concentrations of PCBs, DDE, and HCB were 
conducted as described in previous reports (Calambokidis 
et al. 1979b, 1984; Mowreret al. 1977). The analyses were 
conducted at the Environmental Analysis Laboratory of 
The Evergreen State College. 

Approximately 5 g of blubber, subsampled from the 
unexposed interior of samples received, was digested in 50 
mL BFM solution (glacial acetic and perchloric acid) over 
a steam bath for several hours (Stanley and LeFavoure 
1965). Samples were extracted four times with 20 mL ali- 
quots of 'pesticide quality' hexane. Lipid weights were 
determined by evaporating a portion of the hexane-lipid 
extract to dryness. A 10 mL portion of the hexane-lipid 
extract was cleaned with 1-2 mL concentrated sulfuric acid 
(Murphy 1972). After centrifuging, 1-9 pL was injected 
into a Hewlett-Packard electron capture (63Ni) gas 
chromatograph equipped with a 1/4" x 6' glass column 
packed with 10% D C - 2 0 0  on Gas Chrom Q 80/100 
mesh. The column also had a 1" alkaline (KOH and 
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Figure 1 
Locations of strandings of harbor porpoises sampled for this stud) 

NaOH) precolumn to reduce interference from other com- 
pounds and to convert any small amounts of p,p'DDT to 
p,p'DDE (Miller and Wells 1969). The concentration of 
p,p'DDE plus any p,p'DDT will be referred to as DDE 
throughout this paper. 

Contaminants were identified and quantified based on 
comparison of elution times and peak areas to PCB, DDE, 
and HCB standards injected daily. PCBs (a mixture of 
compounds) were quantified by individual homolog anal- 
ysis using mean weight percent figures reported by Webb 
and McCall(1973). Minimum PCB values were calculated 
using only the more chlorinated PCB homologs corre- 
sponding to the PCB components present in the commer- 
cial PCB mixture Aroclor 1260. Though additional less 

chlorinated PCB homologs were present, they were not in- 
cluded in the total because some samples contained interfer- 
ing compounds and a reproducible minimal value was con- 
sidered more important than a more variable estimate of 
total PCBs. The magnitude of this downward bias is ap- 
proximately 25-40%. 

Multiple linear regression and ANOVA were used to 
evaluate the association between contaminant concentra- 
tions and other variables. Concentrations based on lipid 
weight were used for the linear regressions because lipid 
weight was found to be significantly correlated to concen- 
trations in models using wet weight. Concentrations were 
log transformed for these calculations to meet the assump- 
tions of normal distribution of data. In addition to latitude, 
collection location was categorized by state and five col- 
lection locations: the Morro Bay, CA area (n = 2); the 
Monterey Bay, CA area (n = 13); the San Francisco/ 
Bodega Bay, CA (n = 9); Oregon (n = 13); and Washing- 
ton (n = 8). (More detail was included in California owing 
to high fishery mortality there.) Two samples were ex- 
cluded from multivariate tests: one collected 10 years prior 
to the other samples and the other collected within the in- 
land waters of Puget Sound, Washington. 

Stepwise discriminant analysis and stepwise multiple 
regression were used to determine whether collection loca- 
tions could be predicted from linear combinations of pollu- 
tant values. Discriminate analysis was formed using col- 
lection location as the categorical variable. A jackknifed 
calculation system was used to determine the predictive 
power of discriminant functions (Lachenbruch and Mickey 
1968). Each sample was classified based on discriminant 
functions calculated from all data excluding the sample be- 
ing classified. Multiple regression was performed using 
latitude of the recovered sample as the dependent variable. 
Five predictive variables were considered (all expressed as 
ratios): PCB/DDE, HCB/DDE, PCB-l4/PCB, PCB-16/ 
PCB, and PCB-l7/PCB. The PCB-14, PCB-16, and 
PCB-17 components represent homologs of PCB that 
comprise a portion of the total PCBs quantified. The DDE 
was chosen as the denominator for the first two variables 
because it showed lower coefficient of variation than did 
PCBs or HCB. Because the variables were expressed as 
ratios, the assumption of homogeneity of variance is 
violated. For this reason, more emphasis will be placed on 
the descriptive aspects of multivariate analyses, and little 
emphasis will be given to significance tests. Multivariate 
and discriminant statistical tests were performed using 
SYSTAT (Wilkinson 1986) and BMDP (Dixon 1985) com- 
puter programs. 

Results 

Concentrations of PCBs, DDE, and HCB in the blubber 
of the 45 harbor porpoises examined varied widely (Tables 
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Sample # 

JEH-338 
JEH-339 
LML-85-4A 
LML-85-4B 
MLML-001 
MLML-005 
LML-86-6 
LML-85-8 
LML-84-5 
LML-85-3 
LML-84-3 
LML-85-5 
LML-85-6 
HJB-008 
LML-86-5 
CAS-A3870 
CAS-A3209 
CAS-22173 
CAS-I5892 
MVZ-172409 
REJ- 141 5 
REJ- 141 4 
MVZ- 172408 
MVZ-173468 

Table 2 
DescriDtion of and results for harbor porpoise blubber samples from California 

Latitude 
(degrees) 

35.4 
35.5 
36 65 
36.8 
36.8 
36.8 
36.8 
36.9 
36.9 
36.95 
36.95 
36 95 
36 95 
36.95 
37.1 
37.35 
37.8 
37.9 
37 9 
38 3 
38.4 
38.4 
38.4 
38.5 

Collection date Standard 
length 

Sex (crn) 

27 09 1983 
17 08 1983 
27 02 1985 
1 1  04 1985 

1985 
1985 

28 07 1986 
14 09 1983 
03 08 1984 
07 03 1985 
13 05 1984 
27 05 1985 
23 08 1985 
09 07 1983 
30 05 1986 
30 06 1984 
01 07 1980 
27 05 1980 
23 04 1971 
15 07 1986 

1985 
08 05 1985 
15 07 1986 
20 08 1986 

- -  
- -  

- -  

F 138 
M 134 
F 135 

M 127 
M 131 
M 96 
F 117 
F 150 
F 159 
M 77  
F 103 
F 147 
F 131 
F 168 
F 85 
M 75 
F 80 
F 69 
F 108 
F 132 
M 145 
M 162 
F 154 

F 149 

2 and 3). Concentrations of PCBs averaged 14 ppm (mg/kg 
wet weight, SD = 13) or 21 ppm (lipid weight, SD = 23). 
The DDE concentrations tended to be higher, averaging 
31 ppm (wet weight, SD = 30) or 45 ppm (lipid weight, 
SD = 46). The HCB concentrations were much lower than 
PCB or DDE averaging0.51 ppm (wet weight, SD = 0.42)  
or 0.77 ppm (lipid weight, SD = 0.80). Concentrations of 
DDE (lipid weight, log transformed) varied significantly 
among the five regions compared (ANOVA, P<O.OOl). 
No significant differences were found among regions for 
PCB or HCB (ANOVA, P>0.05). 

Stepwise multiple regression analyses were used to deter- 
mine which factors best explained the variations in con- 
centrations found. A significant regression was found 
between PCBs and animal length (7  = 0.37, P<0.05). The 
DDE concentrations were significantly associated with 
length and latitude (7  = 0.51, P<O.Ol). The HCB concen- 
trations were weakly associated with latitude (r  = 0.39, 
P<0.05). Blubber thickness and year of collection signif- 
icantly influenced contaminant concentrations in some 
models, with higher concentrations associated with thin- 
ner blubber layers and earlier collection years. These ef- 
fects were generally weak or not significant in all models. 

The association between PCB and DDE concentrations 
and length was not consistent for males and females. For 

Blubber 
thickness % 

(crn) lipid 

1 .O 76 
1.5 73 
2.2 83 
2.0 78 
2.2 83 
1.5 87 
1.5 82 
1.8 83 
1.3 73 
2 0  85 
1.1 69 
2.0 74 
2.0 99 
1.6 68 
2.5 85 
1.7 85 
1 .o  59 
1.5 48 
1 .O 51 
2.0 92 
1.7 90 
1 .o 51 
0.5 49 
2 0  81 

~~ 

Concentration Ratios 
(rng/kg, wet wt.) ~ 

PCB/ HCB/ HCBl 
PCB DDE HCB DDE DDE PCB 

16.3 85.2 0.77 
22.1 131.8 0.58 

7.5 25.1 0.34 
21.8 65.4 0.52 

9 9 34.2 0.43 
14.8 60.0 0.69 
11.3 35.7 0 4 4  
5.7 15.2 0.31 

42.0 101 5 0.64 
10 0 25.6 0.09 
2 6 6.3 0.07 

18.1 66.3 0 89 
12.7 48.7 0 42 
25.6 77.6 0 58 

7.2 17.6 0.22 
8.2 1 1 . 5  0.33 
8.8 20.3 0.25 
9 5  13.0 0.11 
3.2 14.2 0.07 
2.1 8.3 0 15 
5.6 21.9 0 28 
6.1 26.9 0 16 

63.6 101 0 0 38 
5.1 14.1 0.12 

~ _ _ _ _  

0 19 0.0091 0.047 
0.17 0.0044 0.026 
0.30 0.0134 0.045 
0.33 0.0079 0.024 
0.29 0.0126 0.044 
0.25 0 0115 0.047 
0.32 0 0123 0.039 
0.37 0.0204 0.055 
0.41 0.0063 0.015 
0.39 0.0034 0.009 
0.41 0 0105 0.026 
0.27 0.0134 0.049 
0.26 0 0085 0.033 
0.33 0 0075 0.023 
0.41 0.0125 0.031 
0.72 0.0286 0 0 4 0  
0.43 0 0125 0.029 
0 73 0.0086 0.012 
0 23 0.0048 0.021 
0.26 0 0181 0.070 
0.25 0.0127 0.050 
0.23 0.0059 0.026 
0.63 0.0037 0 006 
0.36 0.0085 0 024 

both PCBs and DDE the association between concentra- 
tions and animal length was significant in males (n = 17, 
7 = 0.70, P<O.Ol and 7 = 0.76, P<O.Ol, respectively) but 
not in females (n = 26, P>0.05 for both PCB and DDE). 
The significant associations with length in the entire 
sample, therefore, primarily reflect this association in males 
only. 

Ratios of contaminants were less varied than the con- 
centrations. Both the ratios of PCB to DDE and HCB to 
DDE varied significantly by latitude (7  = 0 . 7 0 ,  P<O.OOl 
and 7 = 0.83, P<O.OOl, respectively). Similarly both these 
ratios varied significantly among regions (ANOVA, 
P<O.OOl in both cases). No significant associations were 
found between ratios and others factors. Figure 2 illustrates 
differences in the PCB/DDE ratio among regions. 

Analyses of blubber samples from seven different loca- 
tions on two harbor porpoises (14 samples) yielded similar 
results. In both animals, samples from the dorsal pedun- 
cle area had about 20% lower concentrations than other 
samples. Concentrations from other parts of the body were 
fairly uniform deviating less than 10% in most cases (never 
more than 20%) from average values for all samples 
(excluding the dorsal peduncle). Further details of this com- 
parison are reported in Calambokidis (1986). Concentra- 
tions (by lipid weight) and ratios for four samples pre- 
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Sample # 

Oregon 
OIMB-C044 
OIMB-CO43 
uo-I 
OIMB-C046 
OSU784-256 
OSU886-764 
OSU786-761 
OSU786-762 
OSU785-658 
OSU784-255 
OSU985-679 
OSU885-671 
MMP-IO8 

Washington 
MMP-92 
MMP-SKULL 
MMP-384 
RCE-I12 
CRC-251 
CRC-250 
CRC-248 
CRC-308 

Table 3 
Description of and results for harbor porpoise blubber samples from Oregon and Washington 

43.4 
43.45 
43.7 
43.9 
44.4 
44 45 
44.6 
44.65 
44.65 
44.65 
44.7 
44.7 
45.9 

46 7 
47.3 
47.3 
48.2 
48.6 
48 6 
48.6 
48.2" 

04 07 1986 
11 07 1986 
19 03 1985 
25 07 1986 
27 07 1984 
21 08 1986 
07 07 1986 
11 07 1986 
15 07 1985 
24 07 1984 
14 08 1985 
10 08 1985 
06 04 1981 

06 03 1981 
04 09 1985 
20 09 1985 
26 07 1984 
1 1  08 1985 
11 08 1985 
11 08 1985 
25 04 1986 

Standard Blubber 
length thickness '70 

- 
Sex (cm) (cm) lipid 

E 90 
M 70 
F 115 
E 92 
F 149 
M 149 
E 172 
E 178 
M 159 
M 118 
F 103 
M 121 
M 141 

M 131 
120 

E 176 
F 142 
M 163 
E 171 
M 124 

- 
- - 

'Collected from Puget Sound, Washington 

1.0 62 
0.5 57 

60 
0.5 55 
1.6 80 
1 .o 57 
1.5 84 
1.4 84 
1.5 85 
1.5 67 

41 
2.0 80 
2.0 69 

- 

- 

2.0 82 
1 .o 19 

15 
1 .7  85 
1 . 1  85 
2.0 80 
1.5 79 
0.8 66 

- 

Concentration Ratios 
(mglkg, wet wt.) ~ 

PCB/ HCBl HCB/ 
PCB DDE HCB DDE DDE PCB 

- 

2.8 9.5 0.54 
1.9 6.9 0.21 
2.2 3.0 0.16 
1 4  3.2 0.16 

11.5 33.2 0.64 
12.4 28.0 0.47 

1.5 2.1 0.08 
2.7 4.7 0.31 

13 5 32.0 0.51 
5.7 18.5 0.92 

22.9 38 3 1.76 
13.5 17.7 0.84 
49.6 52.1 1.78 

29.9 26.7 0.87 
6.6 10.0 0.43 
0.2 0.2 0.01 

26.6 15.2 0.56 
22.3 12.5 0.91 
28.1 16.3 0.72 

8.7 7.6 0.42 
15.8 26 7 1.73 

0.30 0.0570 0.192 
0.27 0.0300 0.110 
0.73 0.0530 0.073 
0.45 0.0490 0.111 
0.35 0.0190 0.055 
0.44 0.0167 0.038 
0.70 0.0370 0.054 
0.58 00660 0.113 
0.42 0.0160 0.038 
0.31 0.0500 0.162 
0.60 0.0460 0.077 
0.76 0.0470 0.062 
0.95 0.0342 0.036 

1.12 0.0327 0,029 
0.66 0.0436 0.066 
1.02 0.0490 0.048 
1.75 0.0370 0.021 
1.78 0.0730 0041 
1.72 0.0440 0.026 
1 13 0.0550 0.049 
0.59 0.0647 0.109 

served in formalin were not significantly different from 
those that had been frozen (ANCOVA, P>0.05, with all 
other significant factors used as covariates). 

Stepwise discriminant analysis was based on five predic- 
tive variables and data collected from five locations. The 
three variables, which included the fractional composition 
of total PCBs did not, however, add appreciably to the 
discrimination of collection location and were excluded by 
the stepwise procedure. Using only two variable (PCB/ 
DDE and HCB/DDE) discriminant analysis, we were able 
to assign correct collection location to 63% of 43 samples 
(Table 4). O n  a coarser geographic scale, 86% of samples 
were correctly assigned to state (Table 4). Typically with 
discriminant analysis, the separation of groups is illustrated 
by plotting the first and second factor scores for each 
sample. When only two variables are used to compute the 
factor scores, it is equivalent to plotting the values for each 
variable (Fig. 3; note that a plot of factor scores would be 
a simple rotation of this figure). As seen in Figure 3 ,  there 
are three samples taken in Oregon which appear to be more 
similar to California samples, and there is one sample from 
Washington which appears similar to Oregon samples. 
Within California, the southern samples appear relatively 
distinct from other areas, but there is considerable overlap 

between Monterey Bay and areas north of there. Samples 
from Monterey Bay are characterized by very low variance 
in both PCB/DDE and HCBlDDE ratios (Fig. 3). 

Multiple regression was able to predict accurately the 
latitude at which samples were collected using 5 variables 
(multiple R = 0.89). Again the fractional components of 
PCBs did not add appreciably to the regression and were 
excluded by the stepwise procedure. The regression coef- 
ficient (multiple R) was 0.87 using only PCB/DDE and 
HCB/DDE. The predicted and estimated latitudes for each 
sample are shown in Figure 4. There appear to be four 
outliers in Oregon which appear more like those from 
northern California and one sample from California that 
appears more like those from southern Oregon. 

Discussion 

Concentrations of chlorinated hydrocarbons found in this 
study were generally in the middle of the range reported 
from harbor porpoises from other areas (Gaskin et d. 1971; 
1982; Koeman et al. 1972; Clausen et al. 1974; Otterlind 
1976; Calambokidis et al. 1984). Correlations between 
length and contaminant concentrations found in this study 
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4 

4 

12 

8 

13 

2 

1.54 

.94 

.49 

.45 

.33 

.18 

130 

1.13 - 

.66 - 

.27 - 

.23 - 

.25 - 

.17 - 

1.78 1% 

1.12 

.76 

.73 

.41 

.19 

1 ORE 

125 

Figure 2 
Number of samples, mean, and range of PCB/DDE ratios 
for harbor porpoises from different areas. Excluded are 
one sample collected in 1971 and one sample from Puget 
Sound (inland waters of Washington State). 

Table 4 
Predicted sample locations from discriminant analysis using PCB/DDE and HCB/DDE 
as predictive variables. Samples were categorized as being from Morro Bay Area (CA-l), 
Monterey Bay (CA-2), San Francisco/Bodega Bay area (CA-3), Oregon (OR), and 
Washington (WA). Excluded are one sample collected 1971 and one from Puget Sound 
(inland waters of Washington State). A total of 27 IOL '1s were predicted correctly to 
region and 37 were predicted correctly to state (out 01 mples). 

Predicted collection 11 

location CA-1 CA-2 CA-3 OR WA Total 
Actual collection 

CA-1 
CA-2 
CA-3 
OR 
WA 

Total 

2 0 0 0 0 2 
13 1 7 5 0 0 

1 3 3 1 0 8 
0 1 2 9 1 13 
0 0 0 1 6 7 

4 11 10 7 43 11 
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0 

0.1 

I , I , I I 1 b I l  1 1 1 1 1 ( 1 1 1  

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

0.09 

0.08 

0.07 

g 0.06 
cr 
m Y 0.05 

: 
d 0.04 

0.05 

0.02 

0.01 

0 CA-I 
0 CA-2 
8 CA-3 
0 OR 
A W A  

are consistent with other reports of accumulation with age 
primarily in male harbor porpoises (Gaskin et al. 1982; 
1983) and other marine mammals (Addison et al. 1973; 
Addison and Smith 1974; Donkin et al. 1981; Calam- 
bokidis et al. 1984). 

Organic pollutant residues give valuable clues regarding 
the population structure and feeding ecology of west-coast 
harbor porpoises. If the population were panmictic (ran- 
domly mixing), homogeneous pollutant ratios for all 
samples should exist. Instead, very strong gradients occur 
with latitude. This is likely to occur only if individual por- 
poises remain in one area for long periods of time. Simil- 
arly, pollutant ratios imply something about the feeding 
ecology of west-coast harbor porpoises. The observed pat- 
terns would not be expected if harbor porpoises were 
feeding on fish populations which had homogeneous pollu- 
tant ratios. It is likely that harbor porpoises feed largely 
on local fish stocks rather than on highly migratory fish. 
These patterns appear to differ from those of harbor por- 
poises along the east coast of the United States which may 
migrate a considerable distance to feed on a migratory fish, 
the herring, in the Bay of Fundy (Gaskin et al. 1985). 

If an individual changes location, it is not known how 
much time is required to attain pollutant ratios which are 
characteristic of the new location. The required time period 

Figure 3 
Pollutant residues expressed as the 
ratios HCBIDDE and PCB/DDE for 43 
samples collected in 5 regions. Regions 
are defined in the text. Polygons endose 
all samples collected in each of the 5 
regions. 

is related to the residence times of the pollutant and the 
difference between current pollutant load and that char- 
acteristic of the new location. Because chlorinated hydro- 
carbons accumulate over prolonged periods of time (the 
entire lifespan in males), we infer that most harbor por- 
poises remain in a region for extended periods if not most 
of their lives. Some exceptions may be evident in the data. 
Both discriminant and multivariate regression analyses 
identified several individuals from Oregon whose pollutant 
ratios more closely resembled samples from northern 
California. Although this could be natural variation about 
a mean value for Oregon, it could also be due to animals 
that moved at one point during their lives from California 
to Oregon or to animals that regularly move between those 
regions. 

Pollutant ratios in Monterey Bay samples are par- 
ticularly interesting because of their low variance. Mon- 
terey Bay samples show little variability in both PCB/DDE 
and HCB/DDE ratios (Fig. 3). Samples collected north of 
Monterey Bay (primarily near San Francisco and Bodega 
Bay) overlap with those values seen in Monterey Bay, but 
have much higher variance. In the discriminant analysis, 
62 % of the misclassifications were associated with this San 
Francisco/Bodega Bay area (Table 4). The low variance 
may be indicative of a resident population in Monterey 
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Bay. The higher variance of the more northerly samples 
may indicate an area of mixing. Although speculative, these 
interpretations could be tested as additional information 
becomes available. 

Unfortunately, pollutants ratios do not indicate any 
logical subdivision of the west-coast porpoise population 
into stock units. A stock is a management term and does 
not have a widely accepted definition. The Marine Mam- 
mal Protection Act of 1972 defines a stock as a group of 
animals of the same species which inhabit a common spatial 
arrangement and which interbreed when mature. Perhaps 
the best definition of a stock is a collection of animals that 
can be sensibly managed as a single unit (Larkin 1972; 
MacCall 1984). The problem with harbor porpoise man- 
agement is that the animals do not appear to fit this con- 
cept of a stock. Based on pollutant ratios, harbor porpoises 
do not move great distances; thus animals from Califor- 
nia and Washington are not likely to interbreed and should 
thus be assigned to different stocks. However, there may 
be movement from Washington to Oregon and from north- 
ern California to Oregon. Harbor porpoise distributions 
are continuous between California and Washington (Bar- 
low 1988) and there are no apparent barriers to movement 
or gene exchange. Thus assigning clear boundaries of 
potentially discrete stocks may not be possible. 

Figure 4 
Observed and predicted collection 
latitudes for 43 samples based on multi- 
ple regression. The dependent variables 
included HCB/DDE and PCB/DDE. 

It is unrealistic to expect that one technique, analysis 
of pollutant ratios, will answer all questions about stock 
structure. We have suggested, however, that harbor por- 
poise interchange between some areas is relatively re- 
stricted. Other techniques, such as conventional tagging 
or radio tracking may help refine knowledge of their 
movements and use of cytogenetic and biochemical 
methods (see Duffeld et al. 1991) may determine degree 
of interbreeding. Until such additional information 
becomes available, we urge a conservative approach to har- 
bor porpoise management, avoiding depletion of popula- 
tions in local areas. 
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